Combined heat and mass transfer problems with chemical reaction are of importance in many processes and have, therefore, received a considerable amount of attention in recent years. In processes such as drying, evaporation at the surface of a water body, energy transfer in a wet cooling tower and the flow in a desert cooler, heat and mass transfer occur simultaneously. Possible applications of this type of flow can be found in many industries. For example, in the power industry, among the methods of generating electric power is one in which electrical energy is extracted directly from a moving conducting fluid.
Many practical diffusive operations involve the molecular diffusion of a species in the presence of chemical reaction within or at the boundary. There are two types of reactions, homogeneous reaction and heterogeneous reaction. A homogeneous reaction is one that occurs uniformly throughout a given phase. The species generation in a homogeneous reaction is analogous to internal source of heat generation. In contrast, a heterogeneous reaction takes place in a restricted region or within the boundary of a phase. It can therefore be treated as a boundary condition similar to the constant heat flux condition in heat transfer. The study of heat and mass transfer with chemical reaction is of great practical importance to engineers and scientists because of its almost universal occurrence in many branches of science and engineering. The flow of a fluid past a wedge is of fundamental importance since this type of flow constitutes a general and wide class of flows in which the free stream velocity is proportional to a power of the length coordinate measured from the stagnation point.
In many transport processes in nature and in industrial applications in which heat and mass transfer is a consequence of buoyancy effects caused by diffusion of heat and chemical species. The study of such processes is useful for improving a number of chemical technologies, such as polymer production and food processing. In nature, the presence of pure air or water is impossible. Some foreign mass may be present either naturally or mixed with the air or water. The present trend in the field of chemical reaction with viscosity analysis is to give a mathematical model for the system to predict the reactor performance. A large amount of research work has been reported in this field. In particular, the study of chemical reaction, heat and mass transfer is of considerable importance in chemical and hydrometallurgical industries. Chemical reaction can be codified as either heterogeneous or homogeneous processes. This depends on whether they occur at an interface or as a single phase volume reaction.
Chamkha et al. [1] used the blottner difference method to study laminar free convection flow of air past a semi infinite vertical plate in the presence of chemical species concentration and thermal radiation effects.
Ibrahim et al. [2] studied the effects of chemical reac-tion and radiation absorption on transient hydro magnetic natural convection flow with wall transpiration and heat source. Bejan and Khair [3] investigated the vertical free convection boundary layer flow in porous media owing to combined heat and mass transfer. The suction and blowing effects on free convection coupled heat and mass transfer over a vertical plate in a saturated porous medium was studied by Raptis et al. [4] and Lai and Kulacki [5] respectively.
Hydromagnetic flows and heat transfer have become more important in recent years because of its varied applications in agriculture, engineering and petroleum industries. Raptis [6] studied mathematically the case of time varying two dimensional natural convective flow of an incompressible electrically conducting fluid along an infinite vertical porous plate embedded in a porous medium. Soundalgekar [7] obtained an approximate solution for two dimensional flow of an incompressible viscous flow past an infinite porous plate with constant suction velocity, the difference between temperature of the plate and the free convection is moderately large causing free convection currents. Takhar and Ram [8] studied the MHD free convection heat transfer of water at 4 °C through a porous medium. Soundalgekar et al. [9] analyzed the problem of the free convection effects on stokes problems for a vertical plate under the action of transversely applied magnetic field with mass transfer. Elbashbeshy [10] studied heat and mass transfer along a vertical plate under the combined buoyancy effects of thermal and species diffusion in the presence of magnetic field.
In all these investigations, the radiation effects are neglected. For some industrial applications such as glass production and furnace design and in space technology applications, such as cosmic flight aerodynamics rockets, propulsion systems, plasma physics and space craft reentry aero thermodynamics which operate at higher temperatures, radiation effects can be significant. Alagoa et al. [11] studied radiative and free convection effects on MHD flow through porous medium between infinite parallel with time-dependent suction. Bestman and Adjepong [12] analyzed unsteady hydro magnetic free convection flow with radiative heat transfer in a rotating fluid.
In all these investigations, the viscous dissipation is neglected. The viscous dissipation heat in the natural convection flow is important when the flow field is of extreme size or at low temperature or in high gravitational field. Gebhart [13] has shown the importance of viscous dissipative heat in free convection flow in the case of isothermal and constant heat flux at the plate. Soundalgekar [14] analyzed the effect of viscous dissipative heat on the two-dimensional unsteady, free convective flow past an infinite vertical porous plate when the temperature oscillates in time and there is constant suction at the plate. Israel -Cookey et al. [15] investigated the influence of viscous dissipation and radiation on unsteady MHD free convection flow past an infinite heated vertical plate in a porous medium with time dependent suction.
The object of the present paper is to analyze the chemical reaction effect on an unsteady magnetohydrodynamic free convection flow past an infinite vertical plate by taking constant suction into account. The governing equations are transformed by using unsteady similarity transformation and the resultant dimensionless equations are solved by using the finite element method. The effects of various governing parameters on the velocity, temperature, concentration, skin-friction coefficient, Nusselt number and Sherwood number are shown in figures and tables and discussed in detail. From computational point of view it is identified and proved beyond all doubts that the finite element method is more economical in arriving at the solution.
FORMULATION OF THE PROBLEM
An unsteady two-dimensional laminar free convective boundary layer flow of a viscous, incompressible, electrically conducting, chemically reacting of the fluid flow past an infinite vertical porous plate is considered. The x'-axis is taken along the vertical porous plate and the y'-axis normal to the plate. The physical sketch and geometry of the problem is shown in Figure  1 . A uniform magnetic field is applied in the direction perpendicular to the plate. It is assumed that there is no applied voltage, which implies the absence of an electric field. The transverse applied magnetic field and magnetic Reynolds number are assumed to be very small so that the induced magnetic field. The concentration of the diffusing species in the binary mixture is assumed to be very small in comparison with the other chemical species which are present, and hence the Soret and Dufour effects are negligible. Since the plate is of infinite length, all the physical variables are functions of y' and t' only. Now, under the usual Boussinesq's approximation, the governing boundary layer equations are:
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where u' and v' are the velocity components in x' and y' direction, respectively, t'-the time, ρ -the fluid density, ν -the kinematic viscosity, c p -the specific heat at constant pressure, g -the acceleration due to gravity, β and β* -the thermal and concentration expansion coefficient respectively, σ -fluid electrical conductivity, μ emagnetic permeability, H 0 2 -constant transverse magnetic field, q' -the radiative heat flux, σ s -the Stefan--Boltzmann constant, k e -mean absorption coefficient, α -the fluid thermal diffusivity, K' -the permeability of the porous medium, T -the dimensional temperature, C -the dimensional concentration, k -the thermal conductivity, μ -coefficient of viscosity, D -the mass diffusivity, k r ' -the chemical reaction parameter, u -dimensionless velocity, θ -dimensionless temperature, φ -dimensionless concentration. The boundary conditions for the velocity, temperature and concentration fields are:
where T w and C w are the wall dimensional temperature and concentration respectively, T ∞ and C ∞ are the free stream dimensional temperature and concentration respectively, U' -velocity of the plate, U 0 -mean velocity, w -condition at the wall, ∞ -free stream conditions, n' -the constant.
From Eq. (1), it is clear that suction velocity normal to the plate is either a constant or function of time, hence:
where A is a real positive constant, ε and εA are small values less than unity and V 0 is scale of suction velocity which is non zero positive constant. The negative sign indicates that the suction is towards the plate. Since the medium is optically thin with relatively low density and α << 1 the radiative heat flux given equation (4), in the spirit of Cogley et al. [16] becomes:
where:
with B being Planck's function.
In order to write the governing equations and the boundary conditions in dimensionless form, the following non-dimensional quantities are introduced. 2  2  2  2  0  0  2  2  0  2  2  3  0   4 , ,P r , , ,
In view of Eqs. (4), (7)- (10), Eqs. (2), (3) and (5) reduce to the following dimensionless form. 
SOLUTION OF THE PROBLEM
The set of differential Eqs. (11)- (13) subject to the boundary conditions, Eq. (14), are highly nonlinear, coupled and therefore it cannot be solved analytically. Hence, following Reddy [17] and Bathe [18] , the finite element method is used to obtain an accurate and efficient solution to the boundary value problem under consideration. The fundamental steps comprising the method are as follows.
Step 1. Discretization of the domain into elements. The whole domain is divided into finite number of sub-domains, a process known as discretization of the domain. Each sub-domain is termed a finite element. The collection of elements is designated the finite element mesh.
Step 2. Derivation of the element equations. The derivation of finite element equations, i.e., algebraic equations among the unknown parameters of the finite element approximation, involves the following three steps:
a. Construct the variational formulation of the differential equation.
b. Assume the form of the approximate solution over a typical finite element.
c. Derive the finite element equations by substituting the approximate solution into variational formulation.
Step 3. Assembly of element equations. The algebraic equations so obtained are assembled by imposing the inter-element continuity conditions. This yields a large number of algebraic equations, constituting the global finite element model, which governs the whole flow domain.
Step 4. Impositions of boundary conditions. The physical boundary conditions defined in Eq. (14) are imposed on the assembled equations.
Step 5. Solution of the assembled equations. The final matrix equation can be solved by a direct or indirect (iterative) method. For computational purposes, the coordinate y is varied from 0 to y max = 2, where y max represents infinity, i.e., external to the momentum, energy and concentration boundary layers. Numerical solutions for these equations are obtained by C-program. In order to prove the convergence and stability of finite element method, the same C-program was run with slightly changed values of h and k and no significant change was observed in the values of u, θ and φ.
This process is repeated until the desired accuracy of 0.0005 is obtained. Hence, the finite element method is stable and convergent.
The skin-friction, Nusselt number and Sherwood number are important physical parameters for this type of boundary layer flow.
The skin-friction at the plate in the nondimensional form is given by:
The rate of heat transfer coefficient in the non--dimensional form, in terms of the Nusselt number, is given by:
The rate of mass transfer coefficient in the nondimensional form, in terms of the Sherwood number, is given by: 
RESULTS AND DISCUSSION
In the preceding sections, the problem of chemical reaction effects on an unsteady MHD free convection flow past an infinite vertical porous plate with constant suction was formulated and the dimensionless governing equations were solved by means of a finite element method. In the present study we adopted the following default parameter values of finite element computations: Gr = 2.0, Gm = 2.0, M = 1.0, χ = 0.5, Pr = 0.71, Ec = 0.001, N = 0.5, Sc = 0.6 and K r = 0.5, A = 0.01, ε = 0.01, n = 0.1, t = 1.0. All graphs therefore correspond to these values unless specifically indicated on the appropriate graph.
The influence of thermal Grashof number, Gr, on the velocity is shown in Figure 2 . The thermal Grashof number signifies the relative effect of the thermal buoyancy force to the viscous hydrodynamic force. The flow is accelerated due to the enhancement in buo-yancy force corresponding to an increase in the thermal Grashof number. The positive values of Gr correspond to cooling of the plate by natural convection. Heat is therefore conducted away from the vertical plate into the fluid which increases the temperature and thereby enhances the buoyancy force. In addition, it is seen that the peak values of the velocity increases rapidly near the plate as thermal Grashof number increases and then decays smoothly to the free stream velocity. The effect of magnetic field parameter M on the velocity is shown in Figure 4 . The velocity decreases with an increase in the magnetic parameter. It is because that the application of transverse magnetic field will result a resistive type force (Lorentz force) similar to drag force which tends to resist the fluid flow and thus reducing its velocity. Also, the boundary layer thickness decreases with an increase in the magnetic parameter. Figure 5 shows the velocity profiles for different values of the permeability parameter χ. Clearly, as χ increases, the velocity tends to decrease.
For different values of the radiation parameter N, the velocity and the temperature profiles are shown in
Figures 6a and 6b. It is noticed that an increase in the radiation parameter results a decrease in the velocity and temperature within the boundary layer, as well as decreased the thickness of the velocity and temperature boundary layers. and the Sherwood number, Sh, are shown in Tables 1--3. From Table 1 , it is noticed that as Gr or Gm increases, the skin-friction coefficient increases. It is obvious that as M or χ increases, the skin-friction coefficient decreases. From Table 2 , it is observed that an increase in the radiation parameter or the Prandtl number reduces the skin-friction and increases the Nusselt number. Also, it is found that as the Eckert number increases the skin-friction increases and the Nusselt number decreases. From Table 3 , it is found that as Sc or K r increases, the skin-friction coefficient decreases and the Sherwood number increases. 
CONCLUSIONS
In this paper, the chemical reaction effects on an unsteady MHD free convection flow past an infinite vertical porous plate with constant suction was considered. The non-dimensional governing equations are solved with the help of finite element method. The conclusions of the study are as follows:
1. The velocity increases with the increase in thermal Grashof number and solutal Grashof number.
2. The velocity decreases with an increase in the magnetic parameter.
3. The velocity increases with an increase in the permeability parameter.
4. An increase in the Eckert number increases the velocity and temperature.
5. An increase in the Prandtl number decreases the velocity and temperature.
6. An increase in the radiation parameter leads to decreases the velocity and temperature.
7. The velocity as well as concentration decreases with an increase in the Schmidt number.
8. The velocity as well as concentration decreases with an increase in the chemical reaction parameter.
